Abstract This paper aim to assess the anatomical spaces of head and neck region and causative microorganisms responsible for infections, evaluate the resistance of antibiotics used in treatment and compare the findings with previously reported microbial flora in the orofacial infection. Forty-two patients were recorded. All underwent surgical incision and drainage, received antibiotics cover, and had culture and sensitivity test performed for gram positive and gram negative aerobes. There were 33 male (78.57 %) and 9 female (21.42 %). Out of the 42 patients 28 (66.66 %) presented with single space involvement. The submandibular space was the most frequent location for single space abscess (28.12 %). Fourteen patients presented with multiple space involvement, with a total of 64 spaces being involved. Forty microorganisms were isolated. There were 28 aerobes and 10 anaerobes. Two fungi were also identified. The most common bacteria isolated were Staphylococcus aureus, Klebsiella, Escherichia coli, Peptostreptococcus. The key issue here, which needs to be remembered, is that antibiotics alone cannot resolve odontogenic infection satisfactorily. Quick recovery of patients results with proper basic management comprising of early drainage/decompression which is equally important.
Introduction
Humans are subject to various infections; infections in the orofacial region are known to be commonly from dental origin. Odontogenic infections are most frequently occurring infectious processes known to both antiquity and present day health practice [1, 2] .
What is considered to be the indigenous maxillofacial flora begins during birth with the acquisition of the flora of the birth canal and then changes from infancy to adulthood as a result of the specific anatomic region, environmental influences and host factors. The changes in the microbiology of infections of odontogenic etiology rest in the changes in nomenclature and in our ability to isolate organisms.
Fortunately, a vast majority of these abscesses can be successfully treated by incision of any soft tissue swelling together with extraction or root canal therapy of the affected tooth (Piecuch) [3] . However, when drainage cannot be achieved or the patient shows signs of systemic involvement, then antibiotic therapy is indicated (Guralnick) [4] . There are increasing number of immuno-compromised patients who require antibiotic therapy for opportunistic infections.
In 1928, Sir Alexander Fleming observed that colonies of bacterium Staphylococcus aureus could be destroyed by the mold Penicillium notatum. The routine use of penicillin did not begin until the 1940s, when Howard Florey and Ernst Chain developed a powdery form of the antibiotic.
The discovery of penicillin significantly changed the management of odontogenic infections.
Just after drug companies began mass-producing penicillin in 1943, antibiotic-resistant microorganisms began to develop. The increased prevalence of antibiotic resistance is an outcome of evolution [5] .
To combat penicillin resistance, synthetic antibiotics have subsequently been synthesized; Penicillin still remains the empirical drug of choice for odontogenic infections because of its effectiveness, minimal side effects, low cost, patient tolerability, and ready availability.
The purpose of this study was to assess the anatomical spaces and causative microorganisms responsible for deep fascial space head and neck infections, to evaluate the resistance of antibiotics used in treatment of these infections and compare the findings with previously reported microbial flora in the oral and maxillofacial infection.
Patients and Methods
In the present study 42 patients having odontogenic infection over a period of 6 months were evaluated in Department of Oral and Maxillofacial Surgery at Sharad Pawar Dental College and Jawaharlal Nehru Medical College, Sawangi (Meghe) Wardha. The specimens were obtained by aspirating abscess using sterile 18/22-gauge needle and 5 ml syringe either intraorally or extraorally. After aspirating, a drop of specimen was immediately inoculated in sterile Robertson cooked meat broth (RCM) for isolation of anaerobic organisms. The inoculated RCM was incubated at 37°C for 48 h, following which subcultures were made on solid media. A filter paper disc containing metronidazole (5 lg) was put in between primary and secondary line of streaking. The plate was incubated anaerobically in McIntosh field jar at 37°C for 48 h.
Rest of the specimen was collected in sterile plain bulb for isolation of aerobic organism. The specimens for aerobic culture were inoculated on to blood agar (BA), (Fig. 1) McConkey agar (MA) and nutrient broth and incubated aerobically at 37°C for 18-24 h (Fig. 2 ). An antibiotic sensitivity test for the aerobic isolates was performed on Muller Hinton agar by Kirby-Bauer disc diffusion method. The media used were BA with gentamicin, brain heart infusion (BHI) agar and bacteroides bile esculin (BBE) agar. A smear for gram staining was also prepared. All the patients in this study underwent surgical incision and drainage. Patients characteristics reviewed were gender, age, fascial space (s) involved (Figs. 3, 4, 5, 6 ), bacteria identified, and antibiotic resistance from culture and sensitivity for aerobes.
Results
There were 33 (78.57 %) males and 9 (21.43 %) females ranging in age of 13-75 years, with the mean age of 38.04 years. In 42 cases, 64 spaces were involved (single, multiple) Single space involvement was seen in 28 patients (66.66 %) ( Table 1 ) the submandibular space was the most frequent location for a single-space abscess in 18 (28.12 %), followed by the buccal space in 14 (21.87 %), canine space in 9 (14.06 %) and submental space in 9 (14.06 %).
In 42 patients, 36 multiple spaces were involved, ( Table 2) , instance of submandibular space involvement was 10 (27.77 %), submental space 7 (19.44 %), and buccal space 8 (22.22 %). The present study has microbiological isolates ranging from aerobes, anaerobes and mixture of aerobes and anaerobes. In addition we also isolated fungi in 2 cases (5 %). Of the total 40 isolates, 28 (70 %) were aerobes, 18 were gram-positive aerobes (64 %) and 10 were gramnegative aerobes (36 %). This difference in the gram positive and the gram-negative aerobes was significant. Out of the 40 isolates, 10 were anaerobes (25 %).
The predominantly isolated microorganism was S. aureus isolated in 7 patients (17.50 %). This high rate isolate of staphylococci, Streptococcus group A was isolated in 2 patients (5 %), Streptococcus mutans in 2 patients (5 %), and Streptococcus milleri in 2 patients (5 %). Enterococcus Table 3) .
The gram-negative aerobes were isolated in 10 patients (25 %) and the percentage distribution of the gram-negative aerobes was Klebsiella in 4 isolates (10 %), Escherichia coli in 4 isolates (10 %) and Pseudomonas aeuroginosa in 2 isolates (5 %) ( Table 3) .
The predominant anaerobic flora isolated was Peptostreptococcus in 4 (10 %), Bacteroides melaninogenicus in 2 (5 %), Bacteriodes fragilis in 2 (5 %), Bacteroides corrodens in 1 (2.5 %) and Fusobacterium nucleatum in 1 (2.5 %) ( Table 3) .
The gram-negative aerobes were isolated in 10 patients (25 %) and the percentage distribution of the gram-negative aerobes was Klebsiella in 4 isolates (10 %), E. coli in 4 isolates (10 %) and P. aeuroginosa in 2 isolates (5 %). (Table 3) .
Candida albicans, was isolated in two cases (5 %), as a super infection out of which one was diabetic and both the patients were on longstanding antibiotic therapy.
The resistance to penicillin by the gram-positive aerobes was noted in (38.88 %) of the isolates in our study, of which, S. aureus was resistant in 5 instances (71.42 %) to penicillin and erythromycin, whereas 100 % susceptibility was noted to Gentamicin, Ciprofloxacin, and Cephotaxime. Few isolates of staphylococcus are susceptible to penicillin. Streptococci viridans showed resistances with 1 isolate (25 %) and was susceptible with 3 isolates (75 %) to penicillin as well as to Erythromycin and Gentamicin, whereas 100 % susceptibility was noted to Ciprofloxacin and Cephotaxime. Cephotaxime along with ciprofloxacillin was effective against the entire gram-positive microorganism isolated in this study. This finding indicates that the above two antibiotics were effective in managing odontogenic infections caused by gram-positive organisms.
In this study, the antibiotic susceptibility of the gramnegative microorganisms was seen predominantly with Amikacin. E. coli and Klebsiella were found 100 % susceptible to Amikacin, whereas pseudomonas was 100 % resistant to Amikacin, but was sensitive to Cephotaxime, Cefuroxime and Ciprofloxacin.
Discussion
Head and neck infections of odontogenic origins are routinely treated. Untreated or rapidly spreading odontogenic infections can be potentially life threatening secondary to airway compromise or septicemia.
The mean age of the patients reported was 38.04 years, with the youngest patient being 13-years old and the oldest 75-years old. This mean age of 38.04 years in this study is consistent with the other studies reported in the literature [6] .
Of the 42 patients, presented with the clinical finding of pain and swelling (100 %); pain ranged from mild to very severe. This correlated to the study by Bridgeman et al. [7] who they reported a prevalence of 100 % for pain and 98 % for swelling as a clinical presentation. Of the 42 patients, 30 patients (71.42 %) presented with fever, in contrast with the findings of Bridgeman et al., who reported 50 % patients reporting with fever in his study. Generally patients with acute bacterial infections may present with fever, and elevation of body temperature above normal (about 37°C). It was also seen that patients do not have fever or pyrexia even when there is an obvious swelling due to bacterial infection.
Trismus, a common feature of odontogenic infection, was seen in 14 patients (33.33 %) in the present study, which is in contrast to the study of Bridgeman et al. [7] where 46 % of trismus was seen in his study. This clinical sign is commonly seen when the infection involves the masticatory spaces.
Of the 42 patients, 28 patients (66.66 %) reported with single space involvement whereas, 14 patients (33.34 %) reported with multiple space involvement. This difference in the involvement of spaces is significant and in contradiction to the study by Rega et al. [8] who reported the incidence of 61.2 %, for involvement of multiple spaces, which, he attributed to the latency in presentation of the patient to the treating facility.
Staphylococci are frequently associated with abscess formation. These microorganisms produce coagulase, an enzyme that is deposited which can cause fibrin deposition in citrated or oxalated blood. Streptococci are associated more often with cellulites, which produce enzymes such as streptokinase (fibrinolysin), hylouronidaze, and streptodornase. These enzymes break down fibrin and connective tissue ground substance, and lyse cellular debris, thus facilitating rapid spread of bacterial invaders. Although there are barriers, these are violated by the end products of the microorganisms and guide the infection to spread into deeper planes.
An odontogenic infection spreads to fascial spaces because the anatomy of the fascial planes of the head and neck is such that it has an ineffective barrier to the spread of infection [9] , and plays a vital role in the clinical localization of an abscess. The involvement of the facial planes by cellulitis, aids in the surgical drainage.
Of the 28 patients with single space involvement, submandibular space was involved in 8 patients (28.57 %), buccal space in 6 patients (21.42 %) and, canine space in 5 patients (17.85 %). This finding correlates with the other studies reported in the literature [10, 11] .
In the multiple space involved patients, there was higher incidence for the involvement of the submandibular space (27.77 %). As compared to the incidence for the involvement of buccal space (22.22 %), submenta (19.44 %), canine (11.11 %), submassetric (8.33 %), sublingual (8.33 %) and mediastinal space (2.77 %). This is contradictory to the incidence documented in the literature as far as involvement of the lateral pharyngeal space is concerned [12] .
The microbiological isolates ranged from aerobes, anaerobes and mixture of aerobes, and anaerobes [13] . In addition we also isolated fungi in 2 cases (5 %). Of the total 40 isolates, 28 (70 %) were aerobes, of which 18 were gram-positive aerobes (64 %) and 10 were gram-negative aerobes (36 %). This difference in the gram positive and the gram-negative aerobes was significant. Whereas, out of the 40 isolates, 10 isolates were anaerobes (25 %). There was a significant difference in the incidence of aerobes and anaerobes. However, in the present study, in 36 % of patients gram-negative microorganisms were isolated which warrants a critical attention towards the rational use of antibiotics effective against gram-negative organisms.
In the present study, predominantly isolated microorganism was S. aureus which was isolated in 7 patients (17.50 %). This high rate isolate of staphylococci may be due to contamination of cultures from the skin as most of the infections were drained by extra oral approach. This contradicts the other studies carried out which show the predominance of Streptococcus viridans species [5] . The isolation of S. aureus has clinical significance, as the resistant strains are known to occur which do not respond to routine antibiotic therapy [14] . The gram-negative aerobes were isolated in 10 patients (25 %) and the percentage distribution of the gram-negative aerobes was Klebsiella in 4 isolates (10 %), E. coli in 4 isolates (10 %) and Pseudomonas aeuroginosa in 2 isolates (5 %). Goldberg [15] , Sabiston and Gold [16] reported the isolation of gram-negative bacilli like Klebsiella, Chromobacterium violaceus, E. coli.
Candida albicans, was isolated in two cases (5 %).The occurrence of candida in pus was consistent with the literature reported by Mcmanners et al. [17] .
The resistance to penicillin by the gram-positive aerobes was noted in (38.88 %) of the isolates in our study; Very few isolates of staphylococcus are now susceptible to penicillin [18] .
Streptococci viridans showed resistance with 1 isolate (25 %) and was susceptible with 3 isolates (75 %) to penicillin as well as to Erythromycin and Gentamicin, whereas 100 % susceptibility was noted to Ciprofloxacin, Cephotaxime. These correlates with the finding of Kuriyama et al. [19] . Streptococci viridans, have a susceptibility rate of 77 % to penicillin as well as erythromycin and 100 % to cefepime.
In the present study, the antibiotic susceptibility of the gram-negative microorganisms was seen predominantly with Amikacin. E. coli and Klebsiella were found 100 % susceptible to Amikacin, whereas pseudomonas was 100 % resistant to Amikacin, which was sensitive to Cephotaxime, Cefuroxime and Ciprofloxacin.
The basic beta lactum antibiotics are key antibiotics to be started for treating odontogenic infections as these infections are predominantly of gram-positive aerobes [20] . Metronidazole or Tinidazole should not be just started because anaerobic microorganisms are normal flora of oral cavity; they should be started purely on the clinical presentation in the form of chronic abscess, massive cellulitis, presence of crepitus (gas), evidence of tissue necrosis, sloughing, presence of thick foul smelling pus as evident from the present study. Gram-negative organisms also play major role in maxillofacial infections.
The key issue here, which needs to be remembered, is that antibiotic alone cannot resolve odontogenic infection satisfactorily. Quick recovery of patients results with proper basic management comprising of early drainage/ decompression which is equally important.
Therefore with odontogenic infections it is always appropriate to always begin with the empiric antibiotic regimen with correlation to clinical presentation thinking of the most likely suspected microorganisms involved in the infections, which are usually the normal flora of the region, without forgetting the importance of early surgical intervention to reduce morbidity and complications.
